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1. Introduction 
Lutropin is a glycoprotein belonging to a group of 
pituitary glycoprotein hormones which includes also 
follitropin and thyrotropin. It is composed of two 
dissimilar, noncovalently linked subunits, (Y and /3. 
The amino acid sequences of (Y and fl subunits of gly- 
coprotein hormones from many species have been 
established and are well known. Within a species, the 
sequence is identical or nearly identical for (Y subunits 
of all pituitary hormones. In the human being, it is 
also identical to that of a placental glycoprotein hor- 
mone, chorionic gonadotropin. The amino acid se- 
quence of the hormone-specific fl subunits differs, 
although considerable homology exists in some por- 
tions of their primary structure (reviewed in [ 1 I). Each 
subunit of LH and hCG contains two N-asparagine- 
linked oligosaccharides. Astructure has been proposed 
for asparagine-linked oligosaccharides of human LH 
and CC; these might be identical [2.3]. 
Messenger RNA has been extracted from placental 
tissue and has been translated in vitro by systems de- 
rived from wheat-germ embryo, ascites tumors or 
reticulocyte lysates [4-71. The first evidence for the 
cell-free synthesis of LHa and LHp from bovine origin 
by separate mRNAs appeared in [8,9]. 
Abbreviations. LH. lutropin; I’SH, follitropin; TSH, thyro- 
tropin; CG, chorionic gonadotropin; PRL, prolactin; GH, 
growth hormone; the prefixes b, h, o,r, signify bovine, human, 
ovine, rat, respectively; mRNA, messenger RNA; poly(A), 
polyadenylated; Hepes, N-2-hydroxyethylpipera/.ine-N’-2-2- 
ethanesulfonic acid; RCXM, reduced and Scarboxymethylated 
(subunits); SDS, sodium dodecyl sulfate; ECTA, ethylene 
glycol tetraacetic acid: EDTA, ethylene diamino tetraacetic 
acid;Mr, relative mokCUhr mass 
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Here, we have isolated poly(A)-containing RNA 
from rat anterior pituitaries and translated it in a 
wheat-germ system in the presence of [35S]methionine. 
Using immunoprecipitation with specific antisera and 
electrophoresis on SDS-polyacrylamide gels, we have 
identified two products with larger M,-values than the 
apopeptides, LHol and LtI@. These products may re- 
present the precursor forms of the rLH subunits. 
2. Materials and methods 
[35S]Methionine (spec. act. 800-1200 Ci/mmol) 
was purchased from the CEA (Saclay). Nucleotides 
were supplied by Boehringer (Mannheim) and micro- 
coccal nuclease, by Worthington. Oligo(dT)cellulose 
was from Collab. Res., Inc. (Waltham, MA). X-ray 
films were obtained from Kodak (RP royal X-O-mat). 
All other reagents used were A-grade. 
2.1. Preparation of rat pituitary messenger RNA 
Anterior pituitary glands were excised from Wistar 
rats (laboratory strain) without distinction of age and 
sex. They were quick-frozen and stored in liquid ni- 
trogen. Total RNA was prepared by phenol extraction 
of a pituitary homogenate according to the procedure 
detailed in [lo] and poly(A)-mRNA was isolated by 
two successive passages over oligo(dT)cellulose [ Ill. 
The yields currently obtained were -2 A,,, units 
(or 80 pg) mRNA/g wet tissue, which represented 
-2% (w/w) of the total ribonucleic acid. 
2.2. Cell-free protein biosynthesis 
A wheat-germ S-30 extract, prepared according to 
[ 121, was nuclease-pretreated under conditions usually 
employed for depleting rabbit reticulocyte lysate of 
endogenous mRNA [ 131. Cell-free translation of pitu- 
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itary mRNA was achieved in optimized conditions: 
final vol. 25.--150 ~1 contained 30 mM Hepes (pH 
7.4), 2 mM dithioerythritol, 0.2 mM GTP, 2 mM ATP, 
8 mM creatine phosphate, 3.5 U/ml creatine phospho- 
kinase, 0.4 mM spermidine, unlabelled amino-acids 
except methionine, at 40pM I .2 mCi [35S]methionine/ 
ml, 106 mM potassium acetate, 3.5 mM magnesium 
acetate and 100 pg/ml mRNA. Addition of 30% (v/v) 
wheat-germ extract initiated the reaction, which was 
allowed to proceed for 60 min at 30°C. Protein syn- 
thesis was monitored by trichloroacetic acid-precipi- 
tation of aliquots on Whatman 3 MM filters [ 141. 
2.3. lmmutzoprecipitation of polypeptides 
Precipitation of LH subunits synthesized in vitro 
was investigated using a number of antisera. Only 
antisera directed against reduced,Scarboxymethylated 
(RCXM) subunits of LH gave reliable results and we 
routinely used either anti-bovine RCXM-LHol and 
RCXM-LH/3 provided by Dr J. G. Pierce or antisera 
against ovine RCXM-LHa and RCXM-LH/3 [ 151 raised 
in rabbits in our laboratory. Anti-rat prolactin was a 
gift from Dr A. Tixier-Vidal and anti-rat growth hor- 
mone was supplied by Dr A. F. Parlow (NIAMDD). 
Translation products, freed from ribosomes by cen- 
trifugation (150 000 X g, 60 min), were precipitated 
with trichloroacetic acid (1 O%, w/v) solubiliLed in 1% 
SDS, 10 mM Tris--HCl (pH 8) and denaturated by 
heating 2 min in boiling water. Aliquots were then 
submitted to immunoprecipitation in 25 mM Tris- 
HCl (pH 8), lo-’ M bacitracine, 10 mM EDTA, 150 
mM NaCl, l%TritonX-l00,0.5%deoxycholate,O.l% 
SDS. Complete reduction and alkylation [ 151 prior 
to trichloroacetic acid-precipitation of the transla- 
tion products improved the immune reaction and 
reduced the non-specific radioactivity attached to 
immunoprecipitates. Antigen-antibody complexes 
were precipitated with Pansorbin [ 161. 
2.4. Electrophoretic analysis of polypeptides 
Peptides in translation mixtures, total trichloro- 
acetic acid-precipitable peptides and immunoprecipi- 
table peptides were analyzed by electrophoresis on 
SDS-l 5% polyacrylamide slab gels [ 171 and revealed 
by fluorography [ 181. 
3. Results 
The use of the wheat-g2rm cell-free system, pre- 
treated with nuclease to lower endogenous mRNAs 
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Table 1 
Stimulation of [35S]methionine incorporation m response 
to rat pituitary messenger RNA in wheat-germ cell-free 
system pretreated or not with nuclease” 
~_____. 
Wheat-germ mRNA Incorp. Stimulation 
extract (fig/50 Ml) (I O3 cpm/SO ~1) (-fold) 
~___.__ 
Untreated 0 550 
5 6 200 11.3 
Nuclease 0 35 
-treated 5 5 700 162.8 
Untreated 0 450 
5 4 600 10.2 
Nuclease 0 31 
-treated 5 4 280 138 
-___-_ _____- 
a Wheat-germ cell-free extract was incubated for IO min at 
22°C in the presence of micrococcal nuclease (75 U/ml) 
+ 1 mM CaCI, 
At the end of the incubation period, medium was made 2 mM 
in EGTA. Other conditions were as in section 2 
[ 131,allowed translation of rat pituitary mRNA which 
stimulated [35S]methionine incorporation into tri- 
chloroacetic acid-insoluble protein 140-l 60-fold over 
the background (table 1). In the case of the nuclease- 
pretreated extracts, endogenous wheatgerm proteins 
represented <l% of total translated proteins, instead 
of lo-20% as seen with untreated extracts. Condi- 
tions of translation were investigated and optimized 
as indicated in section 2. 
Fig.1 shows a fluorograph of 35S-labelled polypep- 
tides synthesized in response to mRNA prepared from 
rat pituitaries. Several bands were observed. The first 
upper band,migrating withM, -25 000, was identified 
as pre-PRL. 
When aliquots of the translation media were im- 
munoprecipitated with specific antisera, one major 
band appeared in each case (fig.2). Anti-rat PRL (lane 
2) and anti-rat GH (lane 3) each precipitated a product 
of app.M, 27 000 and 25 000, respectively. Antiserum 
to RCXM-bLHa precipitated a main product with app. 
M, 17 000 (lane 4) which did not precipitate in the 
presence of an excess of unlabelled oLHa (lane 5). 
Antiserum to RCXM-oLt_Ifl precipitated a single prod- 
uct with an app. M, 18 500 (lane 6) which did not 
precipitate when the medium was saturated with an 
excess of cold oLH/3. 
Table 2 shows a quantitative evaluation of the 
Volume 123, number 2 FEBS LETTERS January 1981 
Fig.1. Uuorograph of 3”S-labe11ed polypeptides synthesized 
in a wheat-germ cell-free system, pretreated with nuclease ] 13 ] , 
in response to rat pituitary mRNA: (1) blank without RNA, 
trichloroacetic acid-precipitate. (2) translation in presence of 
RNA (5 ~g/50/,11), trichloroaceticacid-precipitate. The amount 
of radioactivity applied was -50 000 cpm in lane (2). The 
SDS-polyacrylamide gels (15%) were exposed to tluorog- 
raphy for 6 days. Relative positions of protein marked with 
their Mr values X 10m3 are given on the left of the figure. The 
following protein markers were used (from top to bottom): 
lactate dehydrogenase, chymotrypsinogen, fcrritin, o-lactal- 
bumin, cytochrome c. 
radioactivity incorporated into proteins in the pres- 
ence or absence of rat pituitary poly(A)-RNA. Anti- 
sera against RCXMbLHa and RCXMaLH/3 precipi- 
tated -0.30% and -0.05%, respectively of the radio- 
activity as compared to total, trichloroacetic acid- 
precipitable radioactivity. Thus, the amount of radio- 
activity precipitated with anti-LHol serum was-6-times 
higher than in the case of anti-LHP. 
4. Discussion 
Extraction and partial purification of rat anterior 
pituitary RNAs by affinity chromatography on oligo- 
1 2 3 4 5 0 7 
I:ig.2. Fluorograph of “S-labelled polypeptides synthesized 
in a wheat-germ cell-free system, pretreated with nuclease 
[ I3 1 in response to rat pituitary mRNA. Polypeptides syn- 
thesized in vitro, were reduced and Scarboxymethylated, 
precipitated with trichloroacetic acid and submitted to speci- 
fic antisera after their dissolution. Control, normal rabbit 
serum; (2) anti-rat prolactin serum; (3) anti-rat growth hor- 
mone serum; (4) anti-RCXM-bovine LHol serum; (5) as in 
lane (4) + excess of ovine LHa; (6) anti-RCXM-ovine LHB 
serum; (7) as in lane (6) + excess of ovine LHfl. The radio- 
active material which bands in lanes (2-4,6) represented 
-4000 cpm/lane. It was applied on the SDS-polyacrylamide 
gels at 156’ and revealed by fluorography in 15 days. Appar- 
entMri,-values were calculated from linear plots of the logarithm 
of protein marker M, values vs the distance covered by the 
standards (Mr X 10m3 on the left of the figure). Protein 
markers, reduced and Scarboxymethylated, were as in legend 
to fig.1, + bovine serum albumin (67 000) + catalase (60 000). 
(dT)cellulose yielded mainly poly(A)-RNAs, contain- 
ing most of the mRNAs [ 111. The yield was -80 pg 
RNA/g wet tissue and we have shown that 3-5 1.18 
of this RNA increases 8-l 2-times the incorporation 
of [35S]nlethionine into polypeptides generated in a 
wheat-germ cell-free system. In order to deplete en- 
dogenous wheat-germ RNAs and thus lower the pro- 
portion of endogenous proteins in the translation 
media, wheat-germ extracts were pretreated with 
micrococcal nuclease [ 131. Using nuclease-pretreated 
extracts, the increase in incorporated radioactivity 
was 140-160-fold over the control media. As shown 
in fig.1, translation media with nuclease-pretreated 
extract contained very low, often undetectable 
amounts of endogenous wheat-germ proteins (lane I), 
1.53 
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Table 2 
Quantitative edUatiOn of [“SJmethionine incorporation 
into protein in the presence or absence of rat pituitary 
poly(A)-RNAa 
~______ ____-__. _- _. 
RNA [35S]Met incorporated 
(lo3 X cpm/50 ~1) 
.____--____ ~~~ ~~ 
TCAb Anti-bLHc Antr-oLHc 
______I__~__~-._.._._. ----- 
Control (no RNA) 43 000 0 0 
Poly(A)-RNA 
(5 /G) 
3 720 000 11300 2 200 
(0.3 l%)d (0.06%) d 
Control (no RNA) 36 000 0 0 
Poly(A)-RNA 2 764 000 7 600 1 350 
(3.5 fig) (0.28’ji)d (O.OS%)d 
-___._____ ~ 
a Translation proceeded using wheat-germ cell-free extracts 
pretreated with nuclease (see table 1). Other condrtrons are 
described in section 2 
b Trichloroacetic acid-precipitate (total protein) 
c Trichloroacetic acid-precipitate redissolved and immuno- 
precipitated with specific anbsera against bovme RCXM-LHD 
and ovine RCXM-LHP 
d Percent of radioactivity precipitated with trichloroaceticacid 
while in the presence of rat pituitary mRNA, many 
new polypeptides appeared, mainly in the area of M, 
<25 000-26 000. 
The fidelity of translation of the rat pituitary RNA 
preparations was demonstrated by the biosynthesis of 
pre-PRL and pre-GH (fig.2, lanes 2,3). Both of these 
hormones have been identified by others as ceil-free 
products translated by RNA from rat and bovine 
pituitaries and from rat pituitary tumor cells. The 
app. M,-values of the precursors of these hormones 
have been reported as being 2.5 000-28 000 for pre- 
PRLand 24 000 for pre-GH [19-211. 
We have demonstrated the cell-free biosynthesis, in 
response to rat pituitary mRNA, of two polypeptides 
which are immunoprecipitable with specific anti-LHol 
and anti-LHP sera. On SDS-polyacrylamide gel elec- 
trophoresis (fig.2) these peptides had app. M, 17 000 
for LHol and 18 500 for LHf3. As the M,-values of the 
authentic apoprotein forms of rat LH~Y and LH@ are 
-11 000 and -12 500, respectively [22], our data 
suggest hat we are dealing with precursors of these 
subunits and that the two subunits might be encoded 
by separate mRNAs. The specificity of immunopreci- 
pitation was confirmed by the fact that the translation 
products did not precipitate when the media were 
1.54 
treated with an excess of the corresponding unlabelled 
subunits. On the other hand. treatment of aliquots of 
translation media with an excess of oLHfl in the case 
of precipitation with anti-bLHcu and with an excess of 
oLHa in the case of precipitation with anti-oLHP did 
not inhibit specific immunoprecipitation (not shown), 
also suggesting that LHo and LHf3 might be encoded 
by separate mRNAs. 
It should be noted that among the several antrsera 
tested. only those raised against RCXM subunits of 
bovine or ovine LtI gave reliable results. Indeed, it has 
been shown that the conformations of precursor and 
processed forms of TSHfi differ and that pre-TStlP 
does not crossreact with antisera to native TSHP [23]. 
The M,-value of the precursors of rLLfa and rLHf3 
obtained here differ somewhat from the data published 
by others. An app. M, 14 000 has been reported for 
bovine pre-LHa [8,24] and for pre-TSHa synthesized 
by mRNA from mouse thyrotropic tumor [25,26]. 
However, comparing prea subunits synthesized in 
cell-free conditions by RNA from bovine pituitaries 
and from mouse pituitary tumor 1271, in both cases 
IV,. 17000 was found. Asomewhat loweri21, (16000- 
18 000) than that determined by us for pre-rLqO has 
been determined by others for bovine pre-Lt1/3 [9,24]. 
It is rather difficult to establish at present whether 
discrepancies between M,-values of the precursors of 
Lf-l subunits found here and those reported by others 
are real or apparent. It is significant that the differ- 
ences in the M,-values of both QI and p apopeptides 
and their precursors are in our case 6000, suggesting a 
common extension sequence. This extension sequence 
would be somewhat larger than that which would be 
expected from the known sequences of the signal pep- 
tides of gonadotropin subunits [27,28]. We have veri- 
fied that the observed discrepancies are not due to the 
relative positions of the different protein markers used 
here and those used by others (not shown). These 
discrepancies may be due to anomalous mobilities 
exhibited by the precursors of rat LH subunits on 
SDS-polyacrylamide gels, as shown for other pro- 
teins [29]. However even if the absolute values for 
M,-values of both cy and /3 precursors still remain to be 
confirmed, it should be noted that the relative differ- 
ence in size between (Y and f3 apopeptides (-1500) is 
reflected in the size of their precursors. 
The last point to be discussed is the quantitative 
evaluation of the radioactivity incorporated into pre- 
rLw and pre-r LHcz. Our data indicate that: 
(i) The amount of pre-rLHa! synthesized in response 
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(ii) 
to RNA is -6-times higher than that of pm-rLH/3, 
as shown for the precursors of subunits of other 
glycoprotein hormones [28]; 
The proportion of precursors of rLH subunits 
encoded by rat pituitary RNA is rather low as 
compared to other pituitary proteins. We will 
show (in preparation), that the use of RNA from 
pituitary cells enriched in gonadotrophs increases 
the yield of these precursors 6-7-times as com- 
pared to the present data. 
Acknowledgements 
We are grateful to Dr J. G. Pierce for his generous 
supply of antisera to reduced, S-carboxymethylated 
bovine LH subunits, to Dr A. Tixier-Vidal and Mr D. 
Grouselle for supplying anti-rat PRL and to Dr A. F. 
Parlow and NIAMDD for anti-rat GH. This work was 
supported by the CNRS (France) and a contract from 
the DGRST (France) (no. 79 7 1400). 
References 
[ 11 Giudice, L.C. and Pierce, J. G. (1978) in: Structure 
and Function of the Gonadotropins (McKerns, K. W. 
ed) pp. 81--l 10, Plenum, New York. 
[Zj Hara, K., Rathnam, P. and Saxena, B. B. (1978) J. 
Biol. Chem. 253, 1582-1591. 
[3] Kessler, M. J., Reddy, M. S., Shah, R. H. and Bahl, 
0. P. (1979) J. Biol. Chem. 254,7901-7908. 
[4 1 Hubert, C. and Ccdard. L. (1975) Nucleic Acids Res. 
2,1903-1910. 
[5] Chatterjee, M., Baliga, B. S. and Munro, H. N. (1976) 
251,2945-2951. 
[6] Co\, G. S., Weintraub, B. D., Rosen, S. W. and Maxwell, 
E. S. (1976) J. Biol. Chem. 251, 1723-l 729. 
171 
I81 
191 
1101 
1111 
1121 
[I31 
1141 
I151 
1161 
I171 
[I81 
1191 
1201 
[211 
1221 
Landefeld, T., Boguslawski, S., Corash, L. and Boime, 1. 
(1976) Endocrinology 98,1220-l 227. 
Landefeld, T. D. (1979) J. Biol. Chem. 254. 
3685-3688. 
Landefeld, T. D. and Kepa, J. (1979) Biochem. 
Biophys. Res. Commun. 90, 111 l-l 118. 
Palmiter, R. D. (1974) Biochemistry 13, 3606-3615. 
Aviv, H. and Leder, P. (1972) Proc. Natl. Acad. Sci. 
USA 69,1408-1412. 
Marcu, K. and Dudock, B. (1974) Nucleic Acids Res. 
11.1385-1397. 
Pelham, 11. R. B. and Jackson, R. J. (1976) Eur. J. 
Biochem. 67, 2477256. 
Taylor, J. M. and Schimke, R. T. (1973) J. Biol. Chem. 
248.7661-7668. 
Pierce, J. G., Giudice, L. C. and Reeve, J. R. (1976) 
J. Biol. Chem. 251,6388-6391. 
Kessler, S. W. (1976) J. Immunology 117, 1482-1490. 
Laemmli, V. K. and Favre, H. (1973) J. Mol. Biol. 80, 
575-599. 
Banner W. M. and Laskey, R. A. (1974) Eur. I. 
Biochem. 46,83-88. 
Maurer, R. A., Stone, R. and Gorski, J. (1976) J. Biol. 
Chem. 251,2801-2807. 
Evans, G. L. and Rosenfeld, M. G. (1976) J. Biol. 
Chem. 25 1, 2842-2847. 
Lingappa, V. R. Devillers-Thiery, A. and Blobel, G. 
(1977) Proc. Natl. Acad. Sci. USA 74,2432-2436. 
Ward, D. N., Reichert, L. E. Jr, Fitak, B. A., Nahm, 
Il. S., Sweeney, C. M. and Neill, J. D. (1971) Biochem- 
istry 10, 1796-I 802. 
[23] Giudice, L.C. and Weintraub, B. D. (1979) J. Biol. 
Chem. 254,12679-l 2683. 
[24] Keller, D., Fetherston, J. and Boime, 1. (1980) Eur. 
J. Biochem. 108, 3677372. 
[ 251 Chin, W. W., Habener, J. F., Kieffer, J. D. and Maloof, 
F. (1978) J. Biol. Chem. 253,7985-7988. 
[26] Kourides, I. A. and Weintraub, B. D. (1979) Proc. 
Natl. Acad. Sci. USA 76, 298-302. 
[ 27 1 Giudice, L. C., Wrixdal, M. J. and Weintraub, B. D. 
(1979) Proc. Natl. Acad. Sci. USA 76,4798-4802. 
(281 Hussa, R. 0. (1980) Endocrine Rev. 1,268-294. 
1291 Lambin, P. (1978) Anal. Biochem. 85, 114-125. 
155 
